INTRODUCTION
Considerable evidence from psychophysics and singleunit electrophysiology suggests that spatial vision is mediated by pattern analyzers that are sensitive to contrast and selective for narrow ranges of spatial frequency (De Valois & De Valois, 1988; Graham, 1989; Wilson et al., 1990) . Psychophysical paradigms--including masking, adaptation, subthreshold summation, and others--provide evidence for multiple analyzers because the threshold of a pattern is modified in the presence of a second pattern only if the second falls within a critical range of spatial frequencies. Single-unit electrophysiology provides evidence for multiple analyzers because individual cortical cells respond selectively to different narrow ranges of spatial frequency. Tuning functions from psychophysics and single-unit electrophysiology often coincide (e.g., Wilson et al., 1990) . Despite the large and growing literature that sheds considerable light on these analyzers, questions remain concerning the exact nature of individual analyzers, their distribution over spatial frequency, and whether they act independently of each other.
The visual evoked potential has also been used to study analyzers using both adaptation (Bach et al., 1988; Blakemore & Campbell, 1969; Campbell & Maffei, 1970; Mecacci & Spinelli, 1976; Suter et al., 1991) and masking paradigms (Fiorentini et al., 1983; Regan, 1983 Regan, , 1989 Regan & Regan, 1988) . VEP masking studies have used a two-sinewave grating method to examine suprathreshold spatial frequency tuning within the steady-state VEP. Observers viewed a "test" grating of fixed spatial frequency in the presence or absence of a second "mask" grating. The two sinewave gratings were superimposed upon each other and reversed in counterphase at slightly different temporal frequencies. Masking functions were obtained by comparing unmasked and masked responses for a variety of mask spatial frequencies using the amplitudes recorded at twice the temporal frequency of the "test" grating. Fiorentini et al. (1983) and Regan (1983 Regan ( , 1989 ) observed that VEP masking functions were analogous to tuning functions obtained by masking of psychophysical thresholds to the extent that the greatest masking occurred when test and mask were close in spatial frequency. The observed on-peak masking was interpreted as support for a continuum of analyzers, rather than for a discrete set of analyzers (Regan, 1983 (Regan, , 1989 ). However, a closer examination of the VEP masking data reveals that some masking functions were not only tuned more broadly than those from threshold psychophysics, but some of them contained multiple sidelobes rather than a single-peaked critical band. The existence of sidelobes suggests a discrete set, rather than a continuum 2349 of analyzers. We therefore used the two-sinewave method in the present study to measure a large sample of suprathreshold VEP masking functions for a variety of spatial frequencies and mask contrasts.
We also wondered if the two-sinewave grating method can be used in conjunction with the efficient sweptparameter VEP. In the masking studies described above, the spatial frequency of the mask grating was fixed on any experimental trial, but varied across trials. Regan (1989) suggests that in principle, one can obtain a more rapid and precise estimate of spatial frequency tuning by varying the spatial frequency of the mask within rather than between trials, i.e., by "sweeping" the grating over a range of spatial frequencies. The swept-parameter VEP improves signal-to-noise ratio relative to fixed-parameter methods by reducing the effects of nonstationarity due to random EEG noise (Regan, 1989) . As such, sweptparameter methods take fewer trials to obtain a given signal-to-noise ratio than fixed-parameter methods, or, conversely, they obtain more information for a given amount of testing.
A potential pitfall of the sweep-VEP is that the previous history of stimulation within an experimental trial might affect responses (i.e., "hysteresis"), causing differences between fixed and sweeping conditions, as well as between sweeps up and sweeps down in spatial frequency. Previously, only minimal hysteresis has been reported in the second harmonic of the VEP for unmasked gratings that were swept in spatial frequency or contrast (Nelson et al., 1984; Norcia et al., 1989) . However, hysteresis in spatial frequency sweeps occurs following spatial frequency adaptation (Suter et al., 1991) . We therefore examined whether sweeping and fixed mask gratings yield similar masking functions.
METHODS

Observers
Twelve adults with normal or corrected-to-normal vision participated. Ages ranged from 18 to 45 yr.
Display and stimuli
The general apparatus and VEP analysis techniques used here have been described in detail elsewhere (Norcia & Tyler, 1985) . Vertical sinusoidal luminance gratings were presented on a 38cm×49cm video monitor . Space-averaged luminance was 80 cd/m 2. z-Axis contrast linearity was within 2% of nominal contrast up to 50% contrast, with contrast defined as 100*((Lmax -Lmin)/(Lmax + Lmin)). The display was calibrated using a Spectra photometer (Spotmeter model UBD 1 deg).
During any 10 sec trial, the stimulus was one of the following: (A) Test Alone: a "test" grating of 20% contrast was sinewave alternated at 14 contrast reversals per sec (7 Hz). It was either 1, 3 or 8 c/deg of spatial frequency, depending on the viewing distance (58, 174 or 464 cm, respectively). (B) Test and Fixed Mask: the test grating appeared as in (A) (7 Hz, 20% contrast, and 1, 3 or 8 c/deg). On the test grating was superimposed a "masking" grating that was sinewave alternated at 18 contrast reversals per sec (9 Hz). The masking grating varied in contrast (20 or 40%) and in spatial frequency (one of nine spatial frequencies, within _+ 2.5 octaves of the test grating). (C) Test and Up-sweeping Mask: the test grating appeared as in (A) (7 Hz, 20% contrast, and 1, 3 or 8 c/deg). As in the test and fixed mask condition, a mask grating (9 Hz, and 20 or 40% contrast) was superimposed on the test grating. During each 10 sec stimulus presentation, the spatial frequency of the mask grating was incremented logarithmically in 19 equally paced steps, spanning +2.5 octaves of the test grating. (D) Test and Down-sweeping Mask: this stimulus configuration was identical to the Test and up-sweeping condition, except that the spatial frequency of the mask grating was decremented rather than incremented in 19 equally paced steps during the 10 sec trial. (E) Downsweeping Mask Alone: the mask appeared as in the test and down-sweeping mask condition (9 Hz, and 20 or 40% contrast). During each 10 sec stimulus presentation, the spatial frequency of the mask grating was decremented, spanning _+ 2.5 octaves of the Test grating.
Procedure
Observers viewed the large screen in an otherwise dark room. A tone signaled when each trial could begin. The observer fixated a dot in the center of the screen and pressed a button to present the stimulus. The observer tried to maintain fixation, relax, and not blink for 10 sec until a tone sounded. Observers could pause in the middle of a trial (with the press of a button) or rest between trials.
Within any 2.5 hr session, an observer was assigned to (A) sit at one of the three viewing distances (i.e., 58, 174 or 464 cm; the test grating appeared at either 1, 3 or 8 c/deg); and (B) to view one of the two mask types (i.e., all masks were of either 20 or 40% contrast).
Seven blocks of trials were presented within the 2.5 hr session. Blocks 1 and 7 contained eight 10 sec presentations of the unmasked "test alone" grating (for 16 total test alone trials). Blocks 2 and 6 contained eight 10 sec presentations of the sweeping mask alone grating (for 16 total sweeping mask alone trials). Blocks 3-5 each contained one the following, in an order that varied for each subject: (A) 64 trials containing test and fixed mask stimuli (nine spatial frequencies of the mask grating × 7 10 sec trials, presented in pseudorandom order); (B) 16 trials containing test and up-sweeping mask stimuli; or (C) 16 trials containing test and down-sweeping mask stimuli.
On subsequent days, a particular observer repeated the 2.5 hr procedure with a test grating of a different spatial frequency and/or a mask grating of a different contrast than that used previously.
VEP recording
The EEG was recorded from two bipolar placements of Grass gold-cup electrodes. Electrodes were placed 6 cm above (near Cz) and 3 cm to the right of (near 02) a By means of Discrete Fourier Transforms (DFTs), the EEG within each window was analyzed to determine the amplitude and phase of the second harmonic of the test grating (i.e., 14 Hz). In order to estimate the background noise level, the amplitudes at 12 and 16Hz were computed and averaged. The EEG within each window was further analyzed to determine the amplitude and second harmonic of the mask grating (i.e., 18 Hz); background noise was computed using the amplitudes at 16 and 20 Hz. (3)] masks. Each is the log of the ratio of amplitudes between a test and mask stimulus and an unmasked test grating. For each metric, a value of zero indicates no masking effect, with negative numbers indicating stronger masking effects. Values above zero indicate increases in the amplitude of the second harmonic of the test in the presence of the mask (i.e., response enhancement). When data were transformed using these metrics they had the following desirable properties (see Results section): (a) the group data for each experimental condition were normally distributed; and (b) there were no significant group differences between results from the Cz and Oz electrodes.
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common reference electrode that was placed 3 cm above the inion on the midline (near Oz).
For each subject for each stimulus configuration, the 10 sec EEG was separated into 19 separate partially overlapping segments (the data for each individual were vector-averaged over all trials within a condition). Each segment was a 1 sec, 50% Tukey analysis window, and overlapped by 0.5 sec with adjacent windows.
Masking functions (14 Hz data)
Key results. statistical properties (Judd & McClelland, 1989) : the metrics cause the distributions of data to be normal (gaussian) within each condition, and homogeneous across conditions. Data sets that exhibit non-normality or heterogeneity of variance can lead researchers to find spurious statistical effects (e.g., different masking functions for the two different electrode placement conditions) (Judd & McClelland, 1989) . The patterns seen in the averaged results of Fig. 1 are generally independent of electrode placement and sweep direction, and can also be seen in individual data. For instance, the broad tuning and multiple minima may be seen in Fig. 2 , which separates the results for one major condition (3 c/deg test, 40% contrast sweeping grating) by electrode (a) and sweep direction (b). Moreover, the broad tuning and multiple minima can be seen in the individual data for this condition, as shown in Fig. 3 . Despite individual differences, each subject's masking function contains at least two minima, usually tuned near 1 and 3 c/deg. One subject (SB) shows an additional sidelobe at 8 c/deg.
Statistical analyses.
To verify statistically what can be seen in Fig. 1 and Fig. 2 , three separate analyses of variance (ANOVAs) were performed (a criterion of P < 0.05 was used to assess significance in all statistical tests, though each significant value reported here was near or below P < 0.001). Each of the three analyzed data Four key findings are evident in each panel of Fig. 1: (1) suprathreshold VEP masking functions are broadly tuned relative to 1-octave psychophysical analyzers--they span 2-3 octaves of spatial frequency. (2) The masking functions contain multiple minima. Masking was strongest when the test and mask gratings were of identical spatial frequency, but each function contains sidebands as well. Functions for 1 and 3 c/deg tests each revealed minima near 1 and 3 c/deg (except for the tuning function for a 1 c/deg test and mask of 20% contrast, which does not contain multiple minima). Functions for 8 c/deg tests revealed minima at 3 and 8 c/deg. (3) Doubling the contrast of the mask from 20 to 40% increased masking, but revealed two nonlinear effects within the masking functions. First, at most mask spatial frequencies, doubling the contrast of the mask did not yield a proportional increase in the mask effect. Second, stronger masks did not simply displace tuning functions vertically, but rather tended to change the shape of each function such that the sidebands became more obvious. for one of the three test spatial frequencies; each was a 2 × 2 × 2 x 19 (mask contrast×sweeping mask type × -electrode location×spatial frequency) within-subjects analysis of variance. In none of the three ANOVAs reported below were the effects of sweeping mask type (up-vs down-sweeps) or electrode location statistically significant. No interactions were significant except for those reported below. The ANOVA for 1 c/deg tests was based on data from seven observers. The main effects of mask contrast and spatial frequency were significant; (1) the higher contrast mask resulted in stronger masking than the lower contrast mask, F(1, 6)= 47.2; and (2) some spatial frequencies, i.e., near 1 and 3 c/deg, were more strongly masked than others, F(18, 108)=5.8. The nonlinear effects of masking revealed themselves in the interaction between mask contrast and spatial frequency--mask strength had a stronger effect at some spatial frequencies than others, F(18, 108) = 3.59.
The ANOVA for 3 c/deg tests was based on data from six observers. The main effects of mask contrast and spatial frequency were significant; (1) the higher contrast mask resulted in stronger masking than the lower contrast mask, F(1, 5)= 36.5; and (2) some spatial frequencies, i.e., near 1 and 3 c/deg, were more strongly masked than others, F(18, 90) = 16.1. A nonlinear effect of masking revealed itself in the interaction between mask contrast and spatial frequency--mask strength had a stronger effect at some spatial frequencies than others, F(18, 90) = 2.19.
The ANOVA for 8 c/deg tests was based on data from six observers. The main effects of mask contrast and spatial frequency were significant; (1) the higher contrast mask resulted in stronger masking than the lower contrast mask, F(1, 5)= 25.4; and (2) some spatial frequencies, i.e., near 3 and 8 c/deg, were more strongly masked than others, F(18, 90)= 10.82. The nonlinear effects of masking revealed themselves in the interaction between mask contrast and spatial frequency--mask strength had a stronger effect at some spatial frequencies than others, F(18, 90) = 3.61. To verify statistically what can be seen in Fig. 4 , six separate analyses of variance (ANOVAs) were performed (again, a criterion of P < 0.05 was used to assess significance in all statistical tests, though again, each significant value reported here was near or below P < 0.001). Because there were 19 spatial frequencies tested when sweeping masks were presented, but only nine spatial frequencies when fixed masks were presented, we did not include in these analyses the 10 spatial frequencies that were not included in all three mask conditions. Each of the six ANOVAs analyzed data for one of the three test spatial frequencies at one of the two mask contrasts; each was a 3x2x5 (mask type x electrode locationxspatial frequency) within-subjects analysis of variance. The subjects used in these analyses were the same as those used in the previous three ANOVAs. In none of the six ANOVAs reported below were the effects of electrode location statistically significant, and no interactions were significant.
Comparison of fixed-, up-sweeping, and down-sweeping masks (14 Hz data)
In each of the six ANOVAs, the main effect of spatial frequency was significant, due to the selective masking as a function of spatial frequencies, Results did not differ significantly among mask types in the 1 and 3 c/deg (40% contrast) conditions, though (1) for 3 c/deg test gratings in the presence of sweeping but not fixed masks of 20% contrast, the difference was significant because of the aforementioned enhancement for sweeping but not fixed masks, F(2, 10) = 4.48; and (2) masking was stronger for sweeping than fixed masks at 8c/deg, F(2, 10)= 11.54 (20% contrast mask), F(2, 10) = 5.84 (40% contrast mask).
Unmasked responses before and after masking (14 Hz data)
Adaptation effects may persist for several hours in the steady-state VEP (Mecacci & Spinelli, 1976) . We wanted to determine whether long-term adaptation contributed to our masking results, and so checked for significant differences in unmasked amplitudes recorded at the beginning and end of the 2.5 hr sessions. Three separate analyses of variance (ANOVAs) were performed (a criterion of P < 0.05 was used). Each of the three analyzed amplitudes for one of the three test spatial frequencies; each was a 2 x 2 x 2 (time of testing x mask contrastxelectrode) within-subjects analysis of variance. These analyses revealed no significant main effects or interactions, indicating that there were no statistically significant effects of long-term adaptation.
Although the three ANOVAs establish that there were no statistically significant group differences between amplitudes obtained before and after masking, it is also important to establish that an individual's response to the test alone at the beginning of a testing session (i.e., prior to masking) predicts closely his or her performance at the end of the session. Figure 5 shows amplitude of response to the test alone following testing as a function of the amplitude prior to testing, for all individuals tested, under all conditions. Scores at the beginning and end of a test session are strongly related, as shown by the best-fitting power function, R(74) = 0.91, P < 0.05. Although there is random variability in the data, an individual's response to the test grating alone did not change greatly or systematically following the masking trials. We conclude that long-term adaptation effects probably did not contribute to our results. (1) Notches are evident in the spatial frequency tuning function (i.e., the signal for the downsweeping mask alone; error bars: 1 SE). These notches are also evident in the functions for the mask and test stimulus. (2) There is no clear relationship between the peaks or notches in the mask tuning functions and the minima reported in Fig. 1. (3) 18 Hz VEP masking functions are broad relative to 1-octave psychophysical analyzers. As with the 14 Hz data, the functions typically contain sidebands and span over 2-3 octaves of spatial frequency. (4) Maximum effects do not generally coincide with the spatial frequency of the test grating (the effective masker of the 18Hz response). (5) Doubling the contrast of the mask from 20 to 40% decreased the effect of the 14 Hz test grating on the 18 Hz signal, but revealed two nonlinear effects within the masking functions. First, at most mask spatial frequencies, doubling the contrast of the mask did not yield a proportional decrease in the mask effect. Second, stronger masks did not simply displace tuning functions vertically, but rather tended to change the shape of each function such that the sidebands became more obvious. (5) As with the 14 Hz data, small enhancement effects are evident in several of the panels.
Effects of test grating on mask grating (18 Hz data)
DISCUSSION
Shapes of masking functions
One aim of the present experiment was to examine masking within the suprathreshold, steady-state visual evoked potential (VEP) in order to further elucidate cortical analyzers that are tuned selectively to narrow ranges of spatial frequency. As with many psychophysical masking studies (Graham, 1989) , the strongest masking in the present study occurred when test and mask gratings were of similar spatial frequency, as shown in Fig. 1 . However, the shapes of VEP masking functions at both 14 and 18Hz differed from the band-pass functions that are typically reported in psychophysical threshold-masking experiments and single-unit electrophysiology; they were broader and contained multiple minima (or sidebands). Hz data also show sidelobes, but the positions of these sidelobes differ in detail from those found at 14 Hz. Doubling the contrast of the 9 Hz mask from 20 to 40% increased masking of the 7 Hz test, but in a nonlinear fashion that caused the sidebands to become more pronounced. It is clear that masking is mutual between the fixed test grating and the variable mask grating (as shown in Fig. 1 and Fig. 6 ).
Is there a discrete set or continuum of spatial analyzers within the visual system ? Single unit recording from the primary visual cortex provides evidence for cells tuned to a continuous range of peak spatial frequencies, however, our data appear to be consistent with a discrete number of analyzers. Wilson et al. (1990, note 4) suggest that the available single cell findings do not rule out the possibility of a small, discrete number of analyzers underlying masking data. Given an increase in analyzer size with eccentricity (i.e., a shift to lower spatial frequencies), there must be a large number of tuning peaks within 2-4 deg of the fovea. Had physiologists controlled precisely for retinal eccentricity in these experiments, they may have found a small, discrete number of analyzers. Regan (1983, 1989) found that the strongest masking of the VEP occurred when test and mask gratings were of identical spatial frequency, and concluded--as have many physiologists and psychophysicists--that spatial frequency tuned analyzers fall along a continuum, rather than into discrete sets. In our larger sample, we found onpeak masking in some but not all conditions. Off-peak masking is inconsistent with a continuum of analyzers, as is the presence of sidelobes.
Moreover, Tyler et al. (1993 Tyler et al. ( , 1994 , have recently shown that the existence of on-peak masking (or adaptation) fails to rule out the possibility that a discrete set of analyzers underlies the data. They performed simulations with as few as two spatial analyzers and showed that there can be a continuous relationship between the test spatial frequency and the peak spatial frequency of the masking function. These results hold for a variety of models, including, among others, contrast transducer, divisive inhibition and multiplicative noise models (Barghout-Stein & Tyler, 1995) .
The principles of Tyler et al. are shown in Fig. 7 , which illustrates two models of VEP amplitude and masking functions. Left and right columns depict models of discrete and continuous sets of analyzers.
The top left panel shows the unmasked voltage outputs of two (discrete) spatially tuned analyzers, along with the linear sum of their outputs, as a function of test spatial frequency. Similarly, the top right panel shows the outputs of many (continuous) analyzers, along with the linear sum of their outputs, as a function of test spatial frequency. For illustration, each analyzer's tuning function is assumed to be an oft-used difference of gaussians (DOG) function (Wilson et al., 1990) . For an unmasked (test) grating of any spatial frequency (arrow), one can determine the outputs of each analyzer, as well as the linear sum of the analyzers' combined outputs.
The middle panels depict the voltage outputs for a test grating in the presence of masks of various spatial frequencies. The arrow denotes the spatial frequency of the test grating. In the middle panels, the upper (dashed) lines show the visual system's overall response to the test grating in the presence of the mask grating. The other curves depict the masked outputs of individual analyzers. Mask gratings that fall within the critical band of an individual analyzer cause that analyzer's response to the test grating to decrease. In other words, peak masking of an analyzer's response to the test grating occurs when the mask spatial frequency coincides with the peak of the analyzer's tuning function. The mask grating has no measurable effect on the response to the test grating when mask spatial frequency falls outside of the critical band. The overall response (dashed line) adds (linearly) the voltage outputs of all analyzers.
The lower panels convert the tuning functions into the log ratio of masked to unmasked amplitudes [e.g. the masking metrics from Eqns (1), (2) and (3)]. Note that for the discrete, as well as the continuous model, the response to the test grating, as shown in the middle and lower panels, is maximally suppressed when the mask grating has the same spatial frequency as the test grating. Figure 8 relates the spatial frequency of maximum masking to the test spatial frequency for the discrete (solid curve) and continuous (dashed curve) models from Fig. 7 . It shows that for maximum suppression to occur, test and mask needed to match or nearly match over a wide range of spatial frequencies, even for the discrete analyzer model. Hence, the on-peak masking found in VEP masking data does not provide evidence for either a discrete set or a continuum of analyzers.
On the other hand, the discrete off-peak minima found in our data may provide evidence for a discrete set of analyzers, as shown by Tyler et al. If a continuum of band-pass analyzers underlies our tuning functions, then it is difficult to explain the off-peak minima that appear at 1 and 3 c/deg. A discrete set of analyzers, unlike continuous sets of analyzers, can yield masking functions that contain idiosyncratic inflections and shoulders, much like the multiple minima that we report in Fig. 1 (Tyler et al., 1993 (Tyler et al., , 1994 . As noted by Tyler et al., and shown in Fig. 7 , models containing a discrete number of analyzers can generate on-peak masking and discrete sidelobes due to off-peak intrusion. Tyler et al. show that this result holds for two or more discrete channels. We conclude that a discrete-analyzer hypothesis is not ruled out by our data and the data of others, and in fact is likely to account for the complex form of the tuning functions.
Swept vs fixed masks
A second aim of the present study was to determine whether an efficient swept-mask procedure yields VEP masking functions that coincide with those obtained using a fixed mask procedure that has been used previously (Fiorentini et al., 1983; Regan, 1983 Regan, , 1989 Regan & Regan, 1988) . The VEP masking functions measured using the sweep-VEP are generally similar to those observed using fixed grating methods, at least for test gratings of low spatial frequency, as shown in Fig. 4 . However, small but significant differences between fixed and swept masks were found: (1) 8 c/deg test gratings were more strongly masked by swept than fixed masks. (2) On fixed mask trials, responses to masked gratings were always equal to or lower than responses to unmasked gratings, consistent with previous studies (Fiorentini et al., 1983; Regan, 1983) When masks were swept in spatial frequency, however, responses in the present study to the 3 c/deg test grating were enhanced by low contrast gratings (20% C) between 5 and 15 c/deg; unmasked amplitudes were lower than masked amplitudes (as shown in Fig. 1 and Fig. 4 ). These differences between fixed-and swept-mask conditions may help to further elucidate the nature of spatial analyzers, as discussed below.
Mask strength of fixed vs sweeping gratings. The unexpected differences between sweeping and fixed masks at 8 c/deg suggest that the temporal dynamics of the visual system at high spatial frequencies are different from those at low spatial frequencies, such that sweeping masks have greater mask strength than fixed masks. Indeed, there is evidence in the data of Regan (1983) to suggest that something unusual happens above about 7 or 8 c/deg; although all five masking functions had minima that occurred when test and mask were of identical spatial frequency, the tuning at spatial frequencies above 7 or 8 c/deg overlapped and were nearly identical.
VEP enhancement with swept masks. Suter et al. (1991 Suter et al. ( , 1994 have reported that spatial frequency adaptation causes VEP amplitudes to increase at 1-2 octaves below an adapting spatial frequency. They have recorded steady-state, swept-spatial frequency VEPs before and after adaptation to a static 6 c/deg grating of fixed spatial frequency. Their VEP data may be analogous to psychophysical data showing increases in contrast sensitivity following adaptation, and may provide evidence for co-inhibitory relationships among neural analyzers (De Valois, 1977; Greenlee & Magnussen, 1988) . It is assumed that adaptation causes the analyzer most sensitive to an adapting grating to lower its response, as well as its inhibitory effect upon analyzers tuned to nearby spatial frequencies. The adjacent analyzers, once released from inhibition, are presumed to respond more strongly (or be more sensitive) than in the unadapted state. Bach et al. (1988) also found enhancement with VEP adaptation, albeit of a different form. They measured adaptation effects using test gratings which spanned a wide range of contrasts (2-23%). For low contrast gratings, they found a decrease in VEP amplitude after adaptation, consistent with earlier studies (Blakemore & Campbell, 1969; Mecacci & Spinelli, 1976) . However, for any test grating containing 7% contrast or higher, they found response enhancement in the evoked potential amplitude following adaptation, when test and adapting gratings were of identical spatial frequency. Bach et al. found evidence to suggest that the spatial frequency and orientational selectivity of this increase corresponded approximately with the decreased sensitivity found using psychophysical methods. They explained adaptation effects for both psychophysical and electrophysiological data with a model based on a shift toward higher contrast in the nonlinear contrast transducer function of cortical neurons. Such a shift would lead to a reduction in the overall VEP amplitude, but also to less response compression for high test contrasts and thus to greater VEP modulation at the second harmonic of the test gratings.
Enhancement has not been reported in previous suprathreshold VEP masking studies (Fiorentini et al., 1983; Regan, 1983) , and is rare in the psychophysical and electophysiological literature concerning the masking of thresholds (but see Polat & Norcia, 1995; Polat & Sagi, 1993; Polat& Sagi, 1994; Tolhurst & Barfield, 1978) . Suter et al. (1991) suggest that adaptation and masking have dissimilar effects on the visual system. While adaptation reduces an analyzer's response, thereby freeing adjacent analyzers from inhibition, it is not clear that masking reduces the response of an analyzer sufficiently to free adjacent analyzers from inhibition. While SF adaptation causes a analyzer to respond "less" during testing, masking causes an analyzer to respond "differently" than in the unadapted state. During masking, responses can be found that are related to the temporal frequency of the mask and to discrete crossmodulation frequencies (Regan & Regan, 1988; Regan, 1989) . It is likely that the test analyzer's second harmonic response decreases in the presence of a mask and that the presence of the test affects the response to the mask. While we did not measure intermodulation terms, it is likely that some second harmonic energy from both test and mask analyzers is shifted into the intermodulation components. Masking differs from adaptation in that the test and mask can interact directly. These interactions can be inhibitory (masking) or facilitatory. Disinhibitory effects (which may be linear) can also occur in masking experiments as they may in adaptation experiments.
Sidebands and notches
When VEP amplitude vs spatial frequency is plotted, there are, for at least half of the general population, ranges of spatial frequency where the response is close to noise level. Such unexpected low amplitude responses may occur at all spatial frequencies but are especially often present at 2-4 c/deg (Tyler et al., 1978; Tyler & Apkarian, 1985; Strasburger et al., 1986 Strasburger et al., , 1988 Strasburger et al., , 1993 Bach & Joost, 1989; Joost & Bach, 1990) . As a result, a bimodal function is obtained in the mean over subjects, and also in some subjects' individual responses, with VEP amplitude being markedly attenuated around 2-4 c/deg. This so-called "notch" is particularly surprising because it occurs in the range of spatial frequencies at which observers have maximum contrast sensitivity. The notch has often been explained in terms of destructive summation from different signal generators (or channels).
These "notches" clearly reveal themselves in the 18 Hz data (Fig. 6) . If the sidelobes (or peaks) in the masking function were related to the notches in some way, the present findings might have shed new light on the "notch" problem. However, there is no obvious correlation (positive or negative) between the notches (Fig. 6 ) and the sidebands (Fig. 1) . Thus, it is clear that masking strength in a voltage notch does not indicate reduced functional masking strength at that spatial frequency.
In summary, we conclude that suprathreshold VEP masking functions do not describe the shapes of single spatial frequency tuned analyzers. Rather, they reflect the combined outputs of multiple spatial analyzers. Moreover, it is likely that VEP masking functions are determined by a discrete set of analyzers, rather than a continuum. Finally, we conclude that under most conditions, the swept mask-and fixed mask methods provide similar masking functions.
